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INTRODUCTION 
' The native vegetation of the mixed prairie of the college 
pasture at Hays, Kansas, comprises three general t ypes (Albertson, 
1937). The short-grass type is characterized by a predominance of 
buffalo grass (Buchloe dactyloides) and blue grama grass (Bouteloua 
gracilis). The little bluestem type, occurring principally on 
hillsides, supports many species the most abundant of which are 
side-oats grama (Bouteloua curtipendula) and little bluestem 
(Andropogon scoparius). The lowlands are dominated by the big 
bluestem type which is made up chiefly of big bluestem (Andropogon 
furcatus). 
The grasses of the three vegetative types have scattered 
among them many broad-leaved herbaceous plants (forbs) that are 
i mportant to the prairie. Those found with t he short-grass type 
are usually widely dispersed and are short of stature. In compari-
son to the highland type, however, the open cover on the hillsides 
is comprised of a much greater number of species of forbs as well as 
a greater number of plants of each species. The taller forbs are 
commonly limited to continuously moist places such as ravine heads 
and lowlands. The twelve species of forbs selected f or study are 
among those of greatest importance in at least one of the habitats. 
Most of them are utilized by livestock. 

























Thelesperma gracile '_ 
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The importance of forbs to the livestock diet seems to come 
from their high percentage of calcium and phosphorus (Runyon, 1947). 
Furthermore, they also contain a higher amount ~f moisture (Savage 
and Heller, 1947) which makes them more succulent and therefore more 
palatable than the grasses during drought. This condition of greater 
succulence is due in part at l east to _the more deeply penetrating 
roots of the forbs (Albertson, 1937). Observations also have in-
dicated the possibility of a considerable amount of l atex, oils and 
resins in the green forb plants. Because of the importance of these 
plants it was thought wise to ma~e a study of the anatomy of as many 
species as time would permit. The following features of t he plants 
selected were studied: (1) diameter of stem, (2) number and radial 
diameter of vascular bundles, (3) number and diameter of resin ducts, 
(4) amount of pith, (S) presence of pericyclic fibers, (6) ratio of 
diameter of conductive tissue to diameter of total stem and (7) the 
proportion of primary body to secondary body. 
RELATED STUDIES 
Forbs of the mixed prairie have r eceived considerable 
attention because of their :iJnportance as a part of t he vegetation 
in the Great Pl ains region. Their presence in the prairie adds 
to the quality as well as the quantity of diet for livestock. 
Their ecological association with various types or habitats of 
grasses has been thoroughly studied (Albertson, 1937). The 
chemical composition of the forbs and the food value as compared 
vrith grasses have been prel :iJninarily investigated by Runyon (1947) 
and more completely studied by Savage and Heller (1947). 
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Several others have been working in the field of specific 
anatomical study of the herbaceous pl ants . Hayward (1938) worked 
on the structure of the economic plants and he has one chapt er 
deal ing with lettuce, a composite. The development of t he f irst 
sieve tubes, first xylem and first phloem of Helianthus and Sambucus 
has been investigated by Esau (1945). The specialization in secon-
dary xyl em of dicotyledons was studied by Forest (1930). 
METHODS OF PROCEDURE 
Collecting Materials 
Stems of the t welve f orbs were collected on July 14 and 
August 10, 1948 , from the college pasture at Hays, Kansas. Although 
some of the stems were full grown others were quite immature. Leaves 
and roots were carefully removed from the stems and each stem was 
measured and cut into 4-inch-long sections and each section marked 
with string to indicate its location in the stem. All sections 
of a stem were then tied in a bundle. 
Killing and Preserving 
The stems were placed in an open-mouth bottle containing a 
killing solution of form.aldehyde, acetic acid and alcohol. This 
solution is familiarly known as FAA, and might almost be called 
the standard preservative for plant tissues. The bottles were 
kept light tight by placing them in a dark room. A specimen can 
be used long after preserving in the solution. 
Embedding and Sectioning 
The terminal or tender portions of the stems wer e embedded 
in paraffin blocks and cut into serial sections with a rotary 
microtome. More mature parts of the stem were sectioned with a 
sliding microtome. Each section was 20 microns in t hi ckness. 
Staining and Mounting 
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Safranin and fast green are the ideal stains for pl ant tissues . 
Therefore, specimens were dehydrated first t hen stai ned wit h safranin 
and counter-stained with f ast green. Sections t aken at ¼ inch from 
the tip of a stem, 1 inch from the tip and at base of stem were 
mounted in Canada balsam on one sli de. f or future study. 
Collecting Data 
Data were obtained .in three ways: (1) making large diagrams 
with the microprojector, (2) taking photomicrographs and (3) measuring 
under the microscope. 
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RESULTS 
General Structure of Plants 
In all of the t welve species of .the stems of f orbs studied 
the v~scul ar system constituted a dictyostele or dissected siphono-
stele. The vascular cylinder formed a nearl y continuous ring of 
primary conductive tissue to which 1~as added, by c ambial activity, 
the secondary conductive tissue. The stems in general are slender, 
short-lived, and consist predominantly of primary tissues except 
broomweed which has a woody stem at t he base consisting of several 
annual rings. It is obvious that cambi al growth of most of the 
stems has become limited to less than one season. 
The bundles of these stems which, as indicated above com-
prise a dictyostele, are collateral, the phloem lying on the same 
radius but outside the xylem. In this ki nd of stele, the vascular 
bundles occur as distinct r adi al strands , so that in the cross-
section there is a typical ring of vascular bundles which are 
occasionally separated f rom one another by the pith rays . All 
f orbs with woody stems had several annual rings. Most stems, how-
ever, had annual stems with secondary body l imit ed to the lower part 
of the stem. 
The -pericycle which lies outside the central cylinder f ormed 
an unbroken ring of cells one to several l aly-ers in width . It can 
be easily distinguished from adjacent tis sues because the peri-
cyclic fibers formed the caps over the phloem where they serve as 
the protective and supporting tissues to the vascular bundles. 
The cortex consisted mainzy of thin-walled parenchymatous 
cells. Its outmost layers alvrnys containing chlorophyll. Both 
resin ducts and vascular bundles were found in the cortex. 
Pith was unusually abundant in these stems. It is believed 
that the increasing of diameter of the stem is partly due to the 
enlargement of the outer layers of the pith cells in these herba-
ceous plants. 
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In order to present in more detail the characteristics of 
each species, these data are sunnnarized in Table I but discussed 
under each species. Without further direction, the reader is 
asked to refer to table I for specific measurement of each species . 
1. Blazing star (Liatris punctata). 
This plant has several ascending stems from a few inches to 
1 foot high that arise from a stout tap r oot with laterals that go 
dovm 4 feet in the mixed prairie to 16 feet in the true prairie . 
Flowers are of various shades from pink to crimson, occurring from 
August to September. 
The stem varied in diameter, from 1.6 mm at the tip to 4 rrnn 
at the base (Fi g. 1). The number of vascular bundles increased 
from 14 in the tip to 24 at the base of the stem. There was a 
considerable amount of cortex with chlorophyll surrounding the cy-
linder at the ¼ inch level. w wer, however, cortex was not import-
ant . The 20 bundles scattered in the cortex at the base varied 
considerably in size . A nearzy solid ring of fibers capped the 




Fig. 1. Blazing star 
A. Cross section of stem tip, x So. 
B. Cross section of stem base, x 20. 
0.16 mm in radial diameter but they increased to o.5 mm_ at 1 
inch and to 2 mm at t he base. Compared with the total diameter 
of the stem the bundles were 1:10, 1:5 and 1:2 respectively f rom 
• 
the tip dovmward. The diameter of the pith also increased from 
8 
0.25 mm, 0.3 mm and 1.2 mm in the order given above. No secondary 
body was found at the upper portion of the stem but at the base 
the ratio in diameter was l:0.75 in favor of the primary body. 
2. Broomweed (Gutierrezia sarothrae). 
This bushy, lID.lCh branched plant grows from a woody base 
and remains green through most of the winter. It forms a definite 
society especially where heavy grazing is practiced or the under-
l ying rocks are near the surface of the soil. The plant has a weak 
tap root 1rith strongly developed laterals extending to 5 f eet. The 
tiny yellow flowers in numerous small composit e heads normally cover 
this bushy perennial from July to September. 
The height of the stem seldom exceeds 10 inches, and its 
tip i s very tender, only 0.5 mm in diameter as compared to 3.5 nnn 
at the base (Fig. 2). All primary growth has 5 vascular bundles 
and 4 resin ducts at the top t wo levels but abundant secondary growth 
,rith annual rings at the base. 
Pith was small in size, containing only a few layers of 
large, thin-walled cells in its center, 0.08 mm at the tip and 
0.15 mm at the base. 
The ratio of the radial diameter of the vascular bundles to 
the total diruneter of the stem was 1:6 at the tip and 1:1.4 at the 




Fig. 2. Broomweed 
A. Cross section of stem tip, x 80. 
B. Cross section of stem base, x 20. 
3. False boneset (Kuhnia glutinosa). 
The false boneset with ascending br anches, reaching a height 
of 8 to 12 inches, is widely scattered but never abundant. It 
usually blossoms in August or September and later forms l arge heads 
of nearly white hairy akenes. The light-colored tap root extends 
to a depth of 12 to 14 feet. 
The diameter of the stem at the base averaged 3.2 Ilil1l and 
gradually tapered to 1.2 mm near the tip (Fig. 3). The 20 vascular 
bundles, with heavy caps of fibers, formed a nearly solid ring with 
a comparatively small amount of cortex on the outside . 
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Pith was relatively abundant at all levels of the stem. The 
bundles were distinct at¼ inch from the tip indicating that the 
procambium was formed close to the meristematic region of the stem 
tip. The bundles at¼ inch were 0.3 mm across but at 1 inch they 
had increased to 0.5 nun. The greatest diameter of the stem of 1.6 
mm was found at the 4 inch level but no section was made at t he base 
of the plant. 
The ratio of the total diameter of the bundles to that of 
the remainder of the stem was respectively 1:4, 1:3 and 1:2 at the 
three levels as given in table I. There was no secondary body at 
the t wo top levels but at the base the ratio in diameter was 1:3 in 
favor of primary bodyo 
Cambium was evidently formed below the 1 inch l evel . Resin 
duct s so often found in many plants of the composite family, did not 




Fig. 3. False boneset 
A. Cross section of stem tip at 1 inch level, X 45. 4 
B. Cross section of stem tip at 1 inch level, X 45. 
c. Cross section of stem at 4 inch level, x 30. 
12 
4. Prairie coneflower (Ratibida columnaris). 
The slender and scabrous stems of this perennial grow to 
3 feet in height from offshoots of rhizomes. There are copious 
superficial roots, as well as a strong tap root capable of pene-
trating into soil to about 4 feet, thus providing a water absorbing 
system that insures successful growth. The yellow ray and gra:y 
disk flowers usually occur from June until August. 
The diameter of the stem varied from 0.8 mm at the tip to 
3.2 mm at the base (Fig. 4). At the top tvro levels were 12 vas-
cular bundles, each was capped by heavy pericyclic fibers. There 
were no resin ducts found in the thin cortex. Pith was very abun-
dant in the upper portion of the stem. 
The radial diameters of the vascular bundles of t he three 
levels were respectively 0.2 mm, o.5 mm and 2.5 mm. The r atios of 
diameter of conductive tissue to that of the total stem at the 
given levels were 1:4, 1:2 and 1:1. 
Primary body was well-developed at the top t wo levels . 
Secondary body was double in size in comparison vdth the primary 
body at the base of the stem. 
5. Missouri goldenrod (Solidago glaberrima). 
This goldenrod has upright smooth stems, growing from a 
slender horizontal rhizome. It occur s only occasional l y in soci-
eties on gentle slopes. The golden colored panicles c;U'e f ormed on 
the stem 10 to 12 i nches high f rom late July to September . The tap 




Fig. 4. Prairie coneflower 
A. Cross section of stem tip at ½ inch level, X 10. 
B. Cross section of stem at 1 inch level, x 60. 
c. Cross section of stem base, x 25. 
The stem was somewhat triangular in shape at the top two 
levels, the diameter of which was o.8 nnn and 2 nnn respectively. 
It was round at the base of the stem and was 4 nun in diameter 
(Fig. 5). 
There were 17 vascular bundles and 9 resin ducts found in 
the upper portion of the stem but at the base there were 22 bundles 
with caps of pericyclic fibers. The comparatively thin basal cortex 
contained only 3 bundles and no resin ducts . 
Pith was abundant, the average diameter at the three levels 
was 0.3 mm, 1 mm and 1.5 mm respectively. The radial diameter of 
the bundles at¼ inch was o.08 mm but increased to 0.3 nnn at 1 inch 
level and 1.3 mm at the base. The ratio of the total diameter of 
the bundles to that of the remainder of the stem was respectively 
1:10, 1:6 and 1::3 at the three levels~ 
The procambial strands appeared at the tip and there was 
some secondary growth at 1 inch level. The ratio in diameter of 
primary body to secondary body was 1:1 at the base. 
6. Stiffleaved goldenrod (Solidago rigida). 
This herbaceous perennial has a rough, leafy stem often 
clustered from the root which sometimes goes dovm 5 feet to reach 
a water supplyo Flowers are yellow in color, and the blooming 
season extends from August to October. 
The stem contained 35 to 42 resin ducts at the two top levels 
with a diameter ranging from .o5 mm to .24 mm (Fig. 6). There were 
35 vascular bundles capped with pericyclic fibers and 7 cortical 
15 
A 
Fig . 5. Missouri goldenrod 
A. Cross section of stem tip at¼ inch level, X 50. 
B. Cross section of stem at 1 inch level , X 40. 




Fig. 6. stiffleaved goldenrod 
A. Cross section of stem at l inch level, X 35. 4 
B. Cross section of stem at 1 inch level, X 30. 
c. Cross section of stem at base, x 20 . 
bundles found at all levels of the stem. No secondary growth 
occurred at the first two levels. A considerable amount of 
secondary body was found at the base. 
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The average diameter of the stem at the three levels was 
respectively 2 nun and 5 mm. The radial diameter of the vascular 
bundles was 0.15 mm at¼ inch but increased to 0.3 mm at 1 inch 
and 2.5 mm at the base. So the ratio of the total diameter of 
the bundles to that of the remainder of the stem was respectively 
1:14, 1:8 and 1:2 at the three levels. 
A 1a1~ge amount of pith appeared in the center of the stem 
which varied from 0.9 mm across at the tip to 2.2 mm at the base . 
Cortical cells were very abundant, they were smaller in size than 
the cells in pith. Procambial strands appeared up to¼ inch level 
(Fig. 6, A). Secondary growth occurred only at the lower part of 
the stem. The ratio in diameter of primary body to secondary body 
was l:0.75 at the base. 
7. Velvet goldenrod (Solidago mollis). 
The stem reaches a height of 6 inches to 2 feet. It is 
found sometimes singly but usually in societies 6 tQ 10 feet in 
diameter. Propagation is mainly by slender, horizontal rhizomes . 
The blooming season is from July to September. The yellow ray 
flowers are assembled in composite heads. The f leshy roots often 
reach a depth of 7 feet. 
The diameter of the stem averaged 3.6 mm at base but tapered 
to 1.6 mm at 1 inch and 0.8 mm at ¼ inch (Fig. 7). There ,.,.ere 15 
A 
C 
Fig. 7. Velvet goldenrod 
A. Cross section of stem at 1 inch level, X 40. 4 
B. Cross section of stem at 1 inch level, X 30. 
c. Cross section of stem at base, x 25. 
vascular bundles found in the top two levels and 20 of them at 
the base. Their diameter varied from 0.04 mm to 1.25 mm at the 
three different levels. Six resin ducts were found at ¼ inch; 
their average diameter was 0.05 mn1, but the number of ducts 
increased to 12 slightly smaller ducts at the 1 inch level. No 
ducts were found at the base. 
The pith was very abundant, the diameter ranging from o.6 
mm at tip to 1.5 mm at base. Cortex was comparatively thin and 
3 cortical bundles were found at all the three levels of the stem. 
The ratio of the radial diameter of the vascular bundles 
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to the total stem at the three levels was respectively 1:20, 1:10 
and 1:2.5. Secondary growth was not very abundant even at the base, 
consequently the ratio of the primary body to secondary body at the 
base was l:0.5. 
8. Horseweed (Leptilon canadensis). 
This is an annual herb with hairy and upright stems often 
3 feet high arising from a stout tap root . The tiny, white flowers 
in cylindric composite heads form during a long blooming period--
June to October. During the growing period the ent:i,re plant has a 
strong odor, sometimes assumed to be due to certain materials good 
f or medical purposes. 
The average diameter of the stem was lo5 mm at tip and 4 mm 
at the base (Fig. 8). The 25 vascular bundles of the whole stem, 
with poorly capped fibers, formed a continuous cylinder with a very 




Fig. 8. Horseweed 
A. Cross section of stem at ]. inch level, X 60. 4 
B. Cross section of stem at 1 inch level, X 50. 
c. Cross section of stem at base, x 30 . 
tissue was only 0.16 mm at tip but it increased to ten tin1es as 
big (1.6 mm) at base, which was due undoubtedly to the cambial 
activity of the secondary growth. 
The 24 resin ducts found at the top two levels in the cqrtex 
caused ribs to develop on the stem, and besides, seven additional 
ducts also occurred in the pith. 
The pith was very abundant, measuring 1 nnn in diameter at 
tip and 2.5 mm at base. The cortex was very thin and formed an 
irregular shape at the upper part of the stem. 
The radial diameter of the bundles. in comparison with the 
total diameter of the stem of the three levels was respectively 
1:10, 1:4 and 1~2. Primary body was well developed in this annual, 
but at the base, there was considerable secondary grovrth. 
9. Gumvreed (Grindelia squarrosa). 
This species is a biennial or short-lived perennial. The 
stiff and somewhat brittle stem often reaches 2 feet high. The 
disk flowers are dark in color, the ray flowers are yellow. The 
bracts of the involucre release a sticky substance which gives rise 
to the name of the plant. In fact it contains tannins, volatile 
oils and resins, these to some extent, are good -for certain medical 
practices. It blooms from June until September. 
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The stem was 1.8 mm in diameter at tip, and gradually in-
creased in size to 4 mm at base (Fig. 9). The 16 vascular bundles, 
with fairly well formed caps of fibers, formed a solid cylinder with 
a comparatively thick layer of cortex on the outside. There were 




Fig. 9. Gurnweed 
A. Cross section of stem at ]. inch level, X so. 4 
B. Cross section of stem at 1 inch level, X 40. 
c. Cross section of stem at base, x 25. 
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Pith was 0.8 mm at the tip to 1.2 mm at the base. The 
radial diameter of the vascular bundles was 0.16 mm at tip to 
2.5 mm at the base. 
The ratio in diameter of vascular bundles to the remainder 
of the stem of the given levels was 1:11 and 1:1.3 respectively. 
The secondary body was not well developed being only a 
little larger at the base. The ratio in comparison with primary 
body was 1:1.4. 
10. Ironweed (Vernonia interior). 
This perennial comes especially into prominence in dri ed-
out and overgrazed pastures. The stem is 2 to 4 feet high, from 
a fleshy root system. The purplish flowers occur from July until 
September. 
The diameter of the stem at its base was 7.5 mm but gradually 
tapered to 1.5 mm near the tip (Fig. 10). There were 25 vascul ar 
bundles of the top two levels without pericyclic fibers. Near t he 
base, however, the number of bundles was increased to 43 with heaVY 
caps of fibers. 
The radial diameter of the vascular bundles averaged from 
0.16 mm near the tip to 2.3 mm at the base. The ratio of the bundl es 
to t he total diameter of the stem was respectively 1:10 and 1:3 • 
. Pith was very abundant at all levels of the stem, 1 mm in 
di ameter at the tip to 3.75 mm at the base. The primary body was 
well-developed, about double the size of the secondary body at t he 
base. 
A B 
Fig. 10. Ironweed 
A. Cross section of stem at¼ inch level, x 35. 
B. Cross section of stem at 1 inch level, x 35. 
c. Cross section of stem at base, x 20. 
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There were no resin ducts found in this plant , but 8 bundles 
occurred in the cortex at the top t wo levels of the stem. 
11. Sunflower (Heliantbns maximiliani). 
This sunflower normally has a single stem or a cluster of 
stems from a common horizontal rhizome. The ascending, often 
tufted, stem reaches a height of 1 to 6 feet. It blossoms from 
July t o Sept ember. 
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The diameter of the stem gradually increased from 1.5 mm at 
the tip to 3.5 mm at the base (Fig. 11). The vascular bundles and 
resin ducts were uniformly 25 in number at all three levels of the 
stem. The diameters of the bundles and the ducts at the three levels 
were respectively 0.1s mm, 0.3 mm, and o.8 mm f or the bundles and 
0 .05 mm, 0.08 mm and 0.03 mm for the ducts. 
Pith was abundant in this plant, wi h an average diameter 
of 0.75 mm at tip to 1.5 mm at t he base. Fibers though not well 
developed normally capped each of the bundles. Ther e was abundant 
primary growth, but secondary grovrth was limited to the lower part 
of the stem. 
The r atio of radial diameter of the conductive tissue to 
that of the total stem was 1:10, 1:5 and 1:3 at the three l evels . 
The · proportion of primary body to secondary body at t he base was 
1:2. 
12. Rayless thelesperma (Thelesperma gr acile ) • . 
· This slender and somewhat rigid stem, arising f rom a tap 




Fig. 11. Sunflower 
A. Cross section of stem at¼ inch level, x 40. 
B. Cross section of stem at 1 inch level, x 40. 
principal root extend to about 3 feet in the ground. During May 
until August the rayless heads with yellow d~sk flowers occur in 
the short-gTass 4abitat. 
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The stem diameter was 1.5 mm .at tip, 2.5 mm at 1 inch level 
and 4 mm at the base (Fig. 12). The number of the vascular bundles 
at the three levels was 9, 15 and 20 respectively and their average 
diameter was 0.15 mm, 0.3 mm and 1 mm. The resin ducts of the top 
t wo levels were 9 in number while at base there were 12. Their 
diameter was very small averaging 0.02 mm at the tip but 0.015 mm 
and 0.01 mm at the other t wo levels. 
Pith occupied a l arge amount of the stele. It varied from 
o.8 mm in diameter at the tip to 1.6 mm at the base . Vascular 
bundles were arranged in a solid cylinder with very heavy caps of 
the pericyclic fibers and they occupied nearly all the cortex. 
The ratio of radial diameter of conductive tissue to the 
diameter of total stem was 1:10, 1:7 and 1:3 at the three given 
levels. The ratio of diameter of primary body to secondary body 




Fig. 12. Rayless thelesperma 
A. Cross section of stem at l inch level, 45. 2 X 
B. Cross section of stem at 1 inch level, X 45. 
c. Cross section of stem at base, x 25. 
SUMMARY 
1. Twelve stems of important forbs of the family Compositae were 
collected for anatomical study. 
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2. The stems were sectioned at¼ inch, at 1 inch and at the base. 
Each section was 20 microns (0.02 mm) in thickness. 
J. Both t he microprojector and photomicrographs were used in this 
study, and detail measurements were made under a microscope. 
4. The vascular cylinder of these stems is a dictyostele and its 
bundles are collateral. 
5. There were no resin ducts found in stems of the blazing star, 
f alse boneset, prairie coneflower and ironweed. 
6. In seven of the t welve species the vascular bundles increased 
in number from the tip downward while in the other five species, 
namely~ false boneset, stiffleaved goldenrod, horseweed, gwro,reed 
and sunflower, the bundle number remained the same from tip to 
base. 
7. The radial diameter of bundles gradually i ncreased in size from 
the tip down to the base. Of course, this was due, in part, to 
cambial activity. 
8. Pith , in general, was very abundant in all of these stems which 
fact may account f or their greater succulence. The diameter of 
pith ~lso increased in size from the tip to the base. 
9. There were abundant pericyclic fibers in these stems which formed 
the "caps" outside the bundles and served as the protective tissue. 
10. The ratio of diameter of bundles to total stem was somewhat 
constant. At the upper level were the smaller in size, and 
at t he lower level the larger ones. 
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11, There was no secondary body found down to the 1-inch level of 
these perennials except in the prairie coneflower and horseweed. 
12. Cambium was present below the 1-inch level in all these stems. 
Only the prairie coneflower, horseweed and rayless thelesperma 
had cambial activity at the 1-inch level. 
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